A Geometric Method and Dimension Split Algorithm for The 3-D Compressible Navier-Stokes Equations in Turbomachine by Kaitai, Li et al.
HAL Id: inria-00072497
https://hal.inria.fr/inria-00072497
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A Geometric Method and Dimension Split Algorithm
for The 3-D Compressible Navier-Stokes Equations in
Turbomachine
Li Kaitai, Huang Aixiang, Zhang Wen Ling
To cite this version:
Li Kaitai, Huang Aixiang, Zhang Wen Ling. A Geometric Method and Dimension Split Algorithm
for The 3-D Compressible Navier-Stokes Equations in Turbomachine. [Research Report] RR-4131,
INRIA. 2001. ￿inria-00072497￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
41
31
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A Geometric Method and Dimension Split Algorithm
for The 3-D Compressible Navier-Stokes Equations
in Turbomachine
Li Kaitai and Huang Aixiang and Zhang Wen Ling
N° 4131
Mars 2001
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
  
	
	 !#"%$'&(	) *&+!!,(	, -./102
354  678$  9&;:<>=? 4 "@	!A! )BDCFE/	! 1G0HEI,9J@!>K
L>M>NPOQMSR.OQM
OQTUWVXOQTY[ZMS\M]OQTY^OQTU`_
abOcTYedgfhTiLM]TYkj
l?monp%q/r@sutwvxp@yoz|{~}v|q}>hw}v|pFv|{.}vxh
 q!w}npFqpFoz|qwq
q}}v|pFq
>{och}  qq(moq(mqQros{~(?>s ¡@c{~¢q
£¥¤¦§¨.©oª~§h«/¬ }mov­{cq® yvxo¢z|{hv|{~zQ}q>{z|yoz|y®w¯
q  qv|°q5}moq!pFoqv|±oz|q5²³{´°µvxq¶t·}h¸q
¹·y{~}v|¥h¥{/}¯
  v|p%qvxh{~zcpF{ovxº»z  {¼{!}q{~p½yºS{hq!®  q¾coq³}q{p7º»y}v|{~  qv|°q>}moq
q¹·y{~}v|I{.}v|¾q  ±µF}q{pgº»yo¿}vxhÁÀÂ?{q  h¥}mv|
{q¯D{~z|¢hvx}mpÃv­
ohc·{zxq  ¯mov­(m¥v|?{~z|zxq 
 v|pFqvxhÄoz|vÅ}q¥{~z|¢hvx}mop'Àl?mov­/oq¯7pFq}mo  v­  vxÆkqqq@º»p  p{vx  qpFQhvÅ}vxhJpFq}mo  À
¬   hpF{vx  qhp%Qhvx}v|p1pFq}mo  ¯
q/m{´°q5}hzx°hq~¶ÈÇoh±oz|qp1v|Éq{h(mÉyo±  hpF{vx'±oyo}Ê¯¼q@hzx°hq
}¯
  vxpFqcv|{zËo±oz|qpÌvx'q{h(myo±  p{vx'zx¥v|'yoÊoq¯ÍpFq}m  À ÎiµyopFqv­{~zËqwcqv|pFq·}º»
}y±Qp{(mvxoqv­  q°}q  À
ÏÉÐ·ÑkÒÓÔ ¨.Õ¦h« t·}q{pÖ{´q®Ët·}q{~pyºS{hq®ËÇ³vxpFqv|c{~zbzxvx}}vxo¢pFq}mo  ®²Ê{´°µv|q¶×tµ}¸hqq¹·y{.¶
}v|c®olyo±chpF{h(mov|oq¥Ø,zx.¯/À
ÙwÚµÛ·ÜÝÞ(ßÊà
áÅâ~ããäæåÞâ´ß(äÅçhèkéSê>ëÄÙwì(í.î¿ï¿ðñ¿òóô(î¿õ,ò¿ïóô(î¿ö/ò¿ï
÷øù´ú´ûýüæþ´üæÿ þ5ú ø
	 ü.ù´þû ö ø  (ûýü!#" û $%&(') *]û,+-/... ò¿ñ01¿ò -´þ ð ø
2435´ü!6
798 ø&Qø
ü! /:/ û ó6; ü=< ?>¿ü@ õ ´ü A ýûýü B ó6; ü=<  ó.ô - ò¿òC . óED4F (ü!=GIHæüKJMLN]ùPO  þùQO R
  ;
	<+
	CFE<
	)E !&+!/(	'<
¼8$Ä! ¿	!  &;$JEI1& CFE	,! )
:<>=? 4 "@	,/A! 3³4  
8$  ¿9'&;! )E 	E9'
 ¦
	  « Hyw}v|zxv­{~·}!zxq{~z­yozb}qv|qz]®Ëoy  vx°h5z|q  ¹·y{~}v|  q¥²Ê{´°µvxq¶t·}¸q³yo/yoq
°.{v  }  ±ov  vxpFv|qvxhooqzxz|q@¹·yovq  qh}q!z­{¥yºS{hq  qyo({~·}À²>hy  ¾ov­c>qcyovx}qz|{Fº»h¿}vxh
 q?yo({~·},q}boyc  vx°h,z|q  ¹·y{~}v|¹·y qz|zxq{.}v­ºS{~vx}À>%oy°qzw{zx¢hvÅ}mopFq¼q}qyovx}q?oQh 
±c{  q¥yo/z|{  pFc·vx}v|  v|pFqvxhooqzxz|qÀ¼qoyo°hqz{zx¢hvÅ}mopFqFq}  vxÆ  qh}  q¥z|{'p  }mo  q  q
 hpFc·vx}v|  q  p{vxoqhÀcÇ5{~Êyooq@p  }mo  q  q  hpFc·vx}v|  q  p{vxoqvxzºS{~yw}5  hy  q  q
h±ozxnpFq/}v  v|pFqvxhooqz|  {~c%(mc{¹·yoqIy¶  p{~v|oqh®{~z|(¹·y {´°qo}qIp  }mo  qy%{´°h
qyzxqp%q·}  qoh±oz|npFq/±v  v|pFqv|ooqz|É  hy  q  {~(m{¹·yoq¥y¶  p{~v|oqhÀ>oq¥qw  v|qq
µyop  v­¹·yoq/cq{h}?z  yzxqp%q·}  {~?yoq}yo±ov|oq/q}o  q·}  qhÀ
7Ô §¦ Ò ª  ¦ « yc(moq  q'hyo({~·}®yºS{hq  qyo({~·}®p  }mo  q  q  hpFc·vx}v|  vxq}v|oqz|zxqh®
 ¹·y{.}vxh  q!²Ê{´°µv|q¶×t·}¸hq®  yzxqp%q·}  {~yoq5}yo±ov|oqÀ
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
K L @	E	,!
¬ NM|2OÈ®·}moq{~yw}mo(}y  vxq  }¯
  v|pFqvxh{~zP.¯ ¥}moq}q{~p½yºS{hq®  qv|°q  {!ohozxv|oq{~±Qy  ¶
{~F°.{~z|yoqoh±oz|qp {~}v­¾cq  ±µ¥}q{p½º»yo¿}vxh  q¾oq  h¥}moq/}q{~p yºS{hq® {~  }y  v|q  vÅ}(
¾ovx}q
qz|qpFqh}Ê{oo´wvxp{.}vxhÁÀ ¬ '}mv|c{~Qq>¯
q/yq  z­{v­{zk}qh>{z|yoz|{~}v|}  qvx°hq²³{´°µvxq¶t·}h¸q
¹·y{~}v|h@}moq>}q{~pyoºS{q
¯mv|(m{~q  vÅÆkqqcq?º»p2}m{.}v|QM rRO]À,Â
{hq  }mov­{~yw}mobhc·{zµ{
oq¯ p%q}mo  {~z|zxq S vxpFqcv|¥oz|vÅ}
p%q}mo TS À {~v|¥v  q{!v­}oz|vÅ}
}moq5.¶×ÇUPc.¯ v|·}{@qv|q~º.¶ÈÇ
o±oz|qpbhF}moq³}q{~pÃyoºS{q>{~  {oq  v|pFqv|{zo±oz|qp'À,qh}v|{zov  q{/v­m.¯[}!¢qoq({.}q
}mq%v|qp{oJt·}y}yoqÊ~º}moq@}q{pyoºS{q!±µ'yv|o¢I{P  q  vxÆQqq·}v­{~z,q¹·y{.}vxhP¯vx}mPv|ovx}v­{~z
 {~}{oÀ ¬   qq  }mov­%p%q}mo  v|%{Poq¯)¸µvx  ~º  p{~v|  qpFQhvÅ}vxh^pFq}mo  À ¬ [y@pFq}mo  ® }moq
}mqq  vxpFqv|c{~z  hp{~v|µyovxq  ±µ}moqPcyov  v|  qhpFc·q  v|·}!q°hq({~zo}q{~pÃz|{´hq(®´}moqqº»hq
{Pc{~({~z|zxqz¼{~z|¢hvx}mp {^±Qq{ooz|vxq  ÀJÂ
yw}@}moqpFq}m  v|  vxÆQqqh}@º»hp<}moqz­{v­{z  hpF{vx  q¶
hpFc·vx}v|pFq}m  ±Qq{~yq¯¼q/hozxhzx°hq5{@}¯
  vxpFqcv|{zËo±oz|qp)v|'q{h(myo±  p{~v|TVý}q{~p
yoºS{hqz­{´qW¿® v|}q{  ~ºhzx°µv|o¢F{.¶×Çioh±oz|qp'À
ÎÊ?¯
qz|zÁ¸µo.¯I}m{~}Ê~É´¶×Ç2oz­{~oqXP.¯`oq/{v|·}  yq/{}q{p½º»yo¿}vxhQY:Z
[ Y
[C\^]_`)a/b
[ Y
[cd]U`)eFb
{~  µ°q}
}moq!²³{´°µvxq¶t·}h¸qq¹hyc{.}v|c?vx'°qzxwvÅ}·¶Èoqyoq>º»hp
_:fgh`&idj`lkm!nD`	iom+pl]rqb
v|}moq!}q{~p)º»yo¿}vxhº»p
jtsFuvs$n fg&w Y i
[ j Y bg Y n[ j \ b c n ]
} qb
¯moqq `x]j`a#bt`)e$n v|?}moq!°hqz|µvÅ}¥¾qz  Ày>qq}mq4P.¯Wv­>{hyopFq  }±Qq4Pc{~}>q°hq}moq!}({.q}hº}mq	Pyov  c{~}v­z|q%v­/oz­{~qFyo°qÀl?moqz|{oq	P.¯>5pFq{~c}moq	Pc.¯7H{~µPz|{oqFcqQq  v|yoz|{/}
z ¶×{.wq¼mc{´°q5}moq/{~pFq  µ{~pFv­{zË±cqm{´°µvxhÀ
Â
Év|pFvxz­{~5p{~ooq5{I}¯
  v|pFqvxh{~zyoºS{hq@P.¯/® {hÊ{ P.¯P}moq@}¯¼  v|p%qvxh{~zv|qp{~o
p{~ovxº»z N| ¯vx}m'pFq}v­³}qh~}$Á® vÅºzx¥vxº
VS{-W}moq/°hqz|µvÅ}I°q}h `Q]j`b` w n myoz  ±Qq/'vx}
}({~o¢hq·}>{hq |V»±W¼}moqP.¯>
h'{µ¥¢q  qv|5ycq{{zxz|qzËyoºS{qm{´°hqÊ}moq!{~pFq  µ{~pFv­{~zË±Qqmc{´°·v|À
Äq!{~  qv|°q}moq²³{´°·v|q¶t·}h¸q
q¹hyc{.}v|c  qvx±Qq  }¯
  v|p%qvxh{~zÁ°µv­yPc.¯`h}moq@.¶ÈÇ
p{~ov P 
jtsFu -n [- `im	 `{_^g `	i1`im p{]rqb  v|° `]r/u
¯mov­(m{q  vxÆkqq·}º»hpM rOÈ® ¯moqq  v­~{~yv­{~'y°.{.}yoq³º | {~ 
g Y ] }

m  m l
v­{Ö{~z|{hq¶×Â
q}{p%vQQq({.}? | À
¬ º{Pc.¯ev|}moqq  v|p%qvxhoz·{  ¯
q¼{~  q¾oq?}q{~piyºS{hq¯mov­(mv­,{}¯
  v|p%qvxhozhp{ovÅº»hz 
| y(m}m{.}¼}moq5°qzxwvx}%~ºË}mq~Pyov  {~}
{chvx·}¼h¥vx}¼v­h}{o¢qh}?c{q: | {.}¼}mov­Qv|·}
¯
q  qv|°q
²Ê{´°µv|q¶×tµ}¸hq¼q¹·y{~}v|?hvx}>yo  q>{qpFvx¢hq  qv­³·  v|{~}q/w}qpZ
jtsFu /n _:fTjCg `

i1`

nTi`

m  `

i }
$
m  pl]rq

iofj_
[ w `

[ w iojN
  io¡
  n
[ `  [ nb
jtsFu ¢n _:fTj
[ w `)£[ w i¤R
[ `£[xni
[
[#pl]^RfTj`

m  ¥i¤¡
 m  `

nH_¡  `

`

i¤q £ b
 v|° `&i
[ `£[¦]r§#u
r   	$
D$4J-,h +F-,	
)$/,	2   -,
¬ }>v­mo.¯>
}m{~}>{&P.¯Dv­Ê´¶×Ç P.¯Wh{¥.¶ÈÇip{ovÅº»hz  vxº,hozxvÅº
_
[ w `

[C w ioj
  i¤¡
  n
[ `  [ ]d§u
{  }mov|  pFchoq·}~ºqµ}qvxh¼º»hq q {~}v­¾q
_:Ffj`

m  ¥i¤¡
 m  `

nH_¡ $ `

`

]rq £ u
¬ }>v­?±µ°µv|y¼}mc{.} q)£:]r§ º»h?}moq/z|{oqXP.¯W.¯v|o¢%} ¡  ]U§ {~   ]U§ ÀÄq  q¾coq!{F}q{~p º»yoc¿}v|QY h}q{p1yºS{hq | Z
 `  ]   m 	Y b m &Y ]  / `  b
¯mqq  - v­?}moq/cqp@yw}{~}v|}q | {~   j \ n }mq}mov­(¸µoq~º,}mq!}q{~p)z­{´qÀætµyo±}vx}yo}v|o¢vx}>v|h}xVÀ FW¼¯
q/±w}({~v|
jsRuFn f g j Y ni  $ s m &Y m  j Y ni m   j s m &Y nm   j s m &Y n] jq_f j`ntnb
¯mqq
 Y ] m  j
} 
 m 	Y nb
{   j`n v­  q¾coq  ±µ{VSoÀæRW¿® } $ ®} $ {~q
·}({´°.{~v|{h}{  .°.{~v|{h},pFq}v­}q, | ® f]{    }moq!qµoz  ?µyop±Qqº}moqP.¯/À¬ º,}moqPc.¯Wv­>{%oz|{oq®  j \ n v­h}({~·}>{~  Dj`n ]U§ ®
! $ ] } ]U  ]r§#b       ]sFb_4sRb;§#u
¬ }º»hzxz|.¯>¼}m{~}
  m  Y m  j" Y n ]_
[ j Y bg Y n[ j \  b \ w n b$#%
Y ] s¡ g
Y b
 $ m   j s m &Y n m   j s m 	Y n ]r§#u
l?mv|?qyq5}mc{.}@VhÀ &-W¼±cqpFq4VÀ| WÀ
¹·y{~}v|VhÀ &-W
vxcz|y  q>vxoq>¢hqpFq}~º´¶×Ç2p{~ovxº»z N| À ¬ Évxqp{~o'p{~ovxº»z  ®w}moq!h  q?~º
}moq!.°.{v­{~·}  qvx°.{.}vx°hq{~o~}±Qq!pFp@yw}q  ±Qq{~yq~º
m  m ('   ] m  m )'   i*   + $-, } , b
{  }mqIv|qp{~o^yo°´{~}yoq    + $, v­!o}q¹·y{z} z qÉyy{~z|À'l?moqqº»qNVÀ &FW/v|  vÅÆkqq·}º»pVÀ| WÀ ¬   qq  ®w}mq/±q°q¼v­o.¯`vxÉ{Fv|qp{~o'{q5v|}q{  ~º{~yz|v  q{'{hqÀ
tµqh  oyoc·qF~º?y/{~Qq/v­}  q°qzxhÄ{  v|pFqv|Hoz|vx}}v|o¢PpFq}mo  º»}moq¥.¶×Ç)²Ê{´°µv|q¶
tµ}¸hq
q¹·y{~}v|À oooo
. "@	 "FE-.!¼  "%	 /H10!?
Ø,v|}z|®wz|q}>ycvx·}  yq/hp%qoq¯`qw}(?~ºt·}q{p1Ö{´hqÀ
S t·}q{p2twyoºS{hq S ZÎ }¯
  v|pFqvxh{~z·p{~ovxº»z &| v|{~z|zxq  {5}q{~p2yºS{hqvxº}moq
°qz|wvx}/°q¿}h
ºb}moqhPyov  {~}5{·'Qv|·}³ | z|vxqÊhPvÅ}(³}{~¢q·}{hq  | {.}5}mov­ÊQv|·}À/l?moqq@qwv|}5{~yoov­¹hyq
}q{p)z|vxoq{hv|o¢{@Qv|·}> | {  }moq/v|·}qz|vxq5±Qq}¯
qqI}¯
}q{~p1yoºS{q
v|Ê{%}q{p)z|vxoqhÀ
¬ }?v|
h±·°µv|y}m{~}¼}moq}q{~p½yoºS{qÊ¯mov­(m¥{hq
{!¢hvx°hq¥Qv|·}¼v|324 £ µyovxq  ±µF°·v­ycPcyov  v­¼~}yoov­¹·yoqÀbl?moqq{~qÊ}¯
Fh}
~º,}q{p yoºS{q®µoq5v|?¯vx}m±Qyo  {~%¯mv|(mv|?{@{~}?~º
}moq/±Qyo  {~ [ 25®o}moq/}moqv|?¯vx}mohyw}>±Qyo  {~À
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
S tµ}q{~p*Ö{´hq S Z?l?moq  p{~v| 2  ®Ë¯mv|(mPv­5yoyo  q  ±µ}¯¼¥¢hq  qv­!{{zxz|qz,}q{~p*y¶ºS{q V»/tt#W |   {~ 	|  ®.v­{zxz|q  {³}q{p2z|{´hqÀØoh}moq
¾}bh},~ºc}q{pyoºS{q®´}moq¼±Qy  {~   ] [ 232   v­{zxz|q  z­{.}q{zk±chyo  {¥º}moq!}q{~p)z­{´q® |   { x|  {~q/{~z|z|q  zx.¯
q{~ yooQqyoºS{q~º5}q{~p z­{´q@qQq}v|°qzxhÀ[l?moqx5q  qv­  v­}qcq±cq}¯¼qq }¯¼J/tot v|F{~z|zxq 
}mv|(¸µoq?º}q{p z|{´hq{~  qo~}q  ±µ  À ¬ ¢hqoq{z  j \ n v­>{@ºS{~}v|~ºchvx·}>v| | ÀØoh?q°qQv|·}>vx}mq!}q{~p)z­{´q®h}moqqv­>{%yoov­¹·yoq¢q  qv­³{~({~z|zxqzÁ}q{~p)yoºS{q5±Qq}¯
qq
|   { N|  ¯mov­(m{hq
}mov­chvx·}ÀIÐ ^©o¨
	 ¯¼q¢v|°q/{qw{pFozxq5}%¢hqoq{~}q/}q{~p)yoºS{q{~  pFoyw}q/vÅ}(?p%q}v|5}q(À
ÎÊyopFq?}m{~} \ ]j \ b \ w b \ £ n v­{/yo°µv|zxv|oq{~zoµh  v|{~}qw}qpvxyz|v  q{~{q £ ÀÖÁq} ` ±cq}mq/°qz|wvx}¥~º Pyov  {~}v­z|q®o{  \ jn9]j \ $jnb \ w jnb \ £Fjnn ±cq}moq/{~}mº»z|zx.¯
q  ±µ!Pyov  {~}v­z|qÀ¬ }>v­?¯¼qzxzÁ¸µo.¯
j#uvs$n
 \  ]d`Hj \ jnbn \ j§-n ] \
ÎÍ}q{~pgzxv|oq  {.}¼¾owq  }vxpFq³v|
{~¥v|·}q¢({~zcyo°q>ºVýoÀxW¿®·výÀ qÀvxº \ jn v­¼{@}q{~pgzxv|oq5{~({~pFq}v z q ±µ  {~}?}moq/v|}{~·}  ® \ j$n {.}v­¾q
j#u -nu
 \  ]d`Hj \ j$nbn º»?¾µq  
ÎÌ}({.q¿}hHv­%}moqÉyo°hqIº»hzxz|.¯
q  ±µ^{Ä{}v|zxq'{@}v|pFq'owqq  À l?moqqº»hqh®{P}{~q}Hv|{
z|yw}v|J~º}moq  vxÆQqqh}v|{zq¹·y{.}vxhoV]wÀ| WÊ¯vÅ}mÄyovx}{~±zxq%vxvÅ}v|{z  vÅ}vxhÁÀ ¬ º ` v|5v|  qQq  q·}!~º V»v]À qÀ   ]r§ W®w}moq!}q{p zxv|oq!{  }({.q}hhvxcv  qÀ ¬ }mv|{q³}moqP.¯`v|{~z|zxq  }{~}v|{hÀ¬ {~}v­yoz­{~®w¯
q5¯v|z|z  q{zË¯vÅ}mÉ}({.}v|c{~	P.¯/ÀtµxVýwÀ| W?{~±cq/q¯vx}}q{h
j#u /n
 \  ]U` j \ j$nnb \   ] \  jCn
y>qq5¯
q5{hyopFqÊ}m{.}?}moqvxovx}v­{~z  {.}{ \   qcq  yochhoq5{~({~pFq}q  ÀØoh¼¾µq   ® VýwÀ FW  qv|±cq{F}q{~p)z|v|oq!{~  }mqqº»q/{@}({.q}hhÀ
ÎÊyopFq³}m{.} \ jFbCn] \ jFb \  jCntn v­{Fhzxyo}v|~ºVýwÀ FW
{  }moq·{h±ov­{~Ip{~}vÅIq{  
j#u ¢n  jFbCn9] [ j \  b \ w b \ £ n[ jFbCn u
¬ Éq¹·yoqq®w¯
q/{yopFq5}mc{.}}mq/vxovx}v­{~z  {.}{%qyq5}mc{.}  jFbCn    v­?ocv|o¢yz|{®µv]À qhÀ
j#u -n >{o¸  j§#bCn9]U#u
y>qqh®k¯¼q%{~Ä(mov­q  4] Fb  w ]! {h>}moq@·h  vx{~}q%w}qp*h | ÀÖÁq}#" %$ b "&'$@±Qq@}moq%.°.{~v|{·}{~  hh}{´°.{v­{~·}}q5~º £ v|z|w{z,·h  vx{~}qw}qp \ 
qcq¿}vx°hqz|v|P}moq@qv|¢mµ±chm·  º\ Àl?moqI}moq/pFq}v­5}qch}º}¯
  vxpFqv|c{~zËp{~ovxº»z N| v­¢hvx°hq{h
j#u (/n }$ ] " '$ [\ [  [C\ $[  u
¬ '°µvxq¯W~ºVýoÀ   W³®  a)* {   a+), {qv|  qQq  q·}® }mqqº»q  j }  n.-]r§#uÖ{~}q,hÁ®´º»º»y}moqvxpFoz|vx¾c{~}v|¯
qmc{~z|zµ{  o},}moq¶È{~z|zxq  v|}qvxyopFpF{~}v|%µ°hq·}v|
v|~}{~}v|ÁÀ
¼p@±ov|ovx¢V]wÀ FW2V]wÀ &FW¼z|q{  
}
j#u'/Fn 0 } ; ] " %$  a+1)32  a+4)5 ] " %$ `  ` $ ]  67 w b}
 w ]
}
w  ]
" %$ ` 8 a+4 a9:  a 9:; b } ww ] " '$  a1 a<9:  a+4 a=:  a 9:+;  a =:; u
¯moqq>·{h±ov­{~Ip{~}vÅ
j#u ?/n  @AB ] [ j \ $b \ w b \ £$n[ j \  b \ w b \ £ n b \  ] \  jFb \ jCnn
&   	$
D$4J-,h +F-,	
)$/,	2   -,
{.}v|º»}moqº»z|zx.¯v|o¢%zxv|oq{~>µ}qp)~º°.{~v|{~}v|ozkq¹hyc{.}v|c
jBu  -n [ @ A B[  ] [ `
A
[\ @  B b @ A B    ]d AB u
Î  v|o¢'}P}moq¥h  vx{  vÅÆkqq·}v|{zq¹·y{~}v|e{~  }moq  q¾vÅ}vxhe~º?}moqIpF{ovxº»z  ®¯¼q¥{hq}
}m{.}}moq!}q{~p)yoºS{q{~±cq/¢hqoq{~}q  ±µ¥}moq!hzxyo}v| \  ] \  jFbCn ºV]wÀ FW¼z|µ{~z|zxhÀ
3 : Ê=? 4 "%	/A! BWC%E	!   ?">+!  67!,	
" 0 Á	>
 
	 "! #$%&"'()+*,-.%! /+01324
¬ }moqFq¹·yoqz]®k¯¼q@¯vxz|zb}y  }mq%²>¶×tPq¹·y{.}vxh³yo  q5{qp%v|¢q  qv|@µ  v|{.}qµ}qp*±{q  h
}q{p1yoºS{hqhÀ
Î³yopFq%}m{~} | v|/{I}¯
  v|pFqv|{zyoºS{q® 5 v|{chvx·}/v|}moqFoqv|¢mµ±Qmoµ  ~º | À76 v­5}mq
hv|¢v|{zQQv|·}À l?moqqº»hq 8
 ] 695 ] 8: i  8; b 8: ] 6953< b 53<=5 ]  8;
¯mqq"5</v|>}moq@vx·}qq}v|'Qv|h}5~ºbohp{~zÁ} | }>5F® 8; v­Ê{yovÅ}5°q¿}hÊ{~z|¢?5<@5FÀ>ÖÁq} j \ $b \ w n±Qq{µ  v|{.}q | ®%5*{e±cq  qvx±Qq  yov|¹·yoqzxÄ±µ j \ b \ w b  n ¯mov­(m^{e±cqq¢h{~  q  {h/}mqµ  vxc{.}q
~º5g{~  v­>{zxz|q  t·¶×µ  v|{.}q5w}qp'À ¬ }?±c{v|5°q¿}(
{q8
  ]
8
  ]
8:  i  8;  b 8 £ ] [
8
[ ]
8; u
¬ M   ® l?mÁÀæwÀ &.¶O,vÅ}/m.¯>}mc{.}vÅº 8: Z  wBADCFE £ v­5{HG £=I p{~ovxo¢c® }moqP}moqF{oov­{zq·}qv|8 ~ºb}moqp{oov|o¢ 8:  q¾oq  ±· 8&j \ b  n] 8: j \ n i  8; j \ nbKJHj \ b  n,L 2M/v­Ê{>G 1I  vxÆkqpFhomv|p1º»p2MI·} 8&j 2M n {  {  }moqq'°q¿}( 8  ] 8  b 8 £ ] NO+) {~qz|v|oq{%v|  qcq  qh}I{~}F{zxzQv|·}~º2M´® }mqqº»q j \ b  n {±cq>q¢·{~  q  {¼{!µh  v|{~}qv| X£ {~  {~z|zxq  qp%v|¢q  qv|µ  vxc{.}q±c{q hyoºS{q | V,º»>v|p%zxv­vx}® vÅ}>v­>{~z|zxq Q| ¶×µh  v|{~}q5twµ}qp{W¿À
l?moq¾c}®µ}moq!qh  {  }moq5}movx  º»yo  {pFq·}{zËº»p)~º | {~q³¢hvx°hq±·P }/ ] 8:  8:  bT¡ $ ] 8; 8: $ ] _ w j
8;  8:  i 8:  8;  nbRQ  ] 8;  8;  ] }   , ¡    ¡ -, #}  }FS ]r S bUT¡  ¡    ]    b TQ  Q    ]    #C¡  ] }    } , ¡   , bRQ  ] }    } , Q   , u
Pq{~'{~  {yv­{~ ¼yo°.{~}yoq  {   º |
 ]
 q} jB¡  n q} j }$ n b]
s

}  ¡  u
l?mqvÅ}Êv­?q{h¥}m.¯Dº»z|z|.¯vxo¢%qz­{.}v|¯mov­(m¯v|z|zÁ±cqº»q¹·yoq·}z|¥yq 
j#u=sn  }/ _ R ¡ $ iVQ $ ] §b }  _ RWT¡  i¤ TQ  ]U§ #
Î³yopFq}m{~}  $ b  '{q³}mq/cqp@yw}{~}v|}qch |[ q¾oq  ±·
  ]YXZ [D\ } b_ \ } b
§b
  ]RXZ [ ] ^ bj ! b_ n` q°qQqpyw}({.}v|~ºVh® FW b_ ] ^ bj ! b_ n`  o cqp@yw}{~}v|~ºVh® FW b
§#b ~}moq¯v­q b
l?mqº»z|zx.¯v|o¢%º»pyoz­{~q{~qmoz 
j#u Fn XZ [ }   , ]      ,  }/ b  T¡   , ]      ,  ¡  b  w TQ   , ]      ,  Q  b     , ¡  ¡   , ]^b      , } ¡   , ]^xb     , Q  Q   , ]r w b      , ¡  Q   , ]^Nu
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
ju /n X   Z
   
[ T¡
$ Q  ]rRxb TQ $ ] T¡   T¡    bRQ   ]r¡  ¡    b $T¡  ]^xb w }  TQ $ ]U¢F w _b  ¡  TQ $ ]rRxbTQ , ¡  ] T¡ , bRQ    ¡   ]^ Q $ _  ¡  b TQ , ¡ , ] T¡  bT¡ , Q ,  ]^¡  b ¡  ¡  ] }   , Q   , ] ¢- w _Nb ¡ $ Q  ] ?R£_(FN
Øoy}moqpFq®µ¯¼qm{´°hq5}moqº»hzxz|.¯vx¢@z|qpFp{o® }moq/µ~º,v|?hpFvÅ}}q  À
Ð  [© 	 >  q}mov­'µ  v|{.}qJµ}qp'®}moqHpFq}v­É}q® ¼mov­}~Ækqz/µp@±chz|{~  }moq
.°.{v­{~·}  qvx°.{~}v|°q
q{ 
ju ¢n
P "  ] }  _   ¡  i  w Q  # " £  ] "  £ ] §#b " £;£ ] s#" $ ]  w  # " £  ] "  £:] §#b " ££:] s# " ]  q} j " '$ n ] w } b } ]  q} j }  n
¯moqq @] s_  i¤  w b 

] }

_ R  T¡ $ i  w  w TQ  u
ju -n  S $ ]  S $ i   S $ b   £ ] 
	  b  £  ]   b  £ £ ]  ££  ]  ££ ]  ££;£ ]U§u
ju (/n X     Z
     
[
m  `

]om  `

i $j 	  `£i*     `   nb;m  `)£:]   a * i
 $ `  b
m £ ` £ ]
 ) bm £ `  ]   ,) i  	  `  b ~} `]j ~} `n 
8
  iUj ~} `n £
8; b
 v|° `]  vx° `&i  ) i`  m  ~i1` £   ] ^
) b
j ~} j`nn

]   $ jCm  ` £ _ "$    +) nb j ~} j`nn £ ]  , "$      m , `   i  w   , `  u
l?moq!Ö{~oz­{q³hcq{~}{~±cq/qµqq  ±·
gh`

] " %$ m  m $ `  ] " , m  m , `  i  5  *) 5 io      _ j¡  i1  n   ,+)
i  " ,  jB      , _  ,    nm  `   io 	  m , `£idjCm  	 , i j    	  , _ 	     , ntnB`)£ 
ihj  " -,  m   ,   i $j     , _      , n#i )£   j _ ¢FN  io¤j w i¤ n  w _ ¢FN w  £ nnB`   #
gh`)£:] "&'$ m  m $ `£:] " -, m  m , `)£?i  5  )35 i¤ $j  _  n  ) _ _!    	   m  `   i " ,   , m   `)£ 
i " , jCm   ,   i j   ,   _      , nnB`   io  w j _ w _ RN  i1 w  w nB`)£ #
g  ] XZ [ g  i ] ^  a * j \ } j_: T¡ $  i1 w TQ   w n  " a , ni £   jBom    _ m    w n  " a , i jt_~¥i¤  n  ") i  5 "+) 5
¯moqq  S  bTg b  vx° bTm  {q>}moq ¼mv­}~ÆkqzQµp±Qz­® Ö{~oz­{q$#³Qq({.}® &%(' {~  m  {~q | ® {~ 
	
 ]_:¡
 i¤  
 b  $ ]U¡ $ _  Q $ b% , ]_ m  ¡ ,  i¤ T¡ ) m  ¡ ),  w u
¬ {~}v­yoz­{~®  ]r§ ® {~  `£~]r§  | ® }mq
ju'/Fn 0 "F$ ] }/ b "F £ ] " £  ]U§b " ££ ]sRb "
$
] }

b "  £:] " £  ]d§b " £;£:] s# " ] } S  ]  S  b   £ ]_:¡  b  £ $ ]U¡  b  £ £ ]  ££ ]r§#b
ju ?/n XZ [ m  `  ] m  `  b m £ `  ]   ,) _¡   `  b m  `)£:]   a * io¡ $ `  b;m £ `)£:]  ) b vx° `]  v|° `&i  ) b } j`n  ] _   }F    ) b ~} j`nD£:]  , }F   m , `  
¡   	$
D$4J-,h +F-,	
)$/,	2   -,
j#u  -n X  Z
  
[ gh`  ] g `  i  5  *)35 _ #j¡  i¤N  n   ,+) i¤N`  bgh`)£:]  5  *)5 _ R  +) ioR¡   m  `   io$`  m  xb
g  ] g  i  5 ")5 _   "+) u
¯mqq5¯
qyq
g ` £ ] }
$
m  m  ` £ ]r§#b m  ` £ ]r§  |
±µ¥°µv|}yoq~º `£:]U§  | À ¬ Éq¹hyqq¯
q¯vxz|zÁyqo~}({.}v|
j#u=s§/n ~} `]
 } j`n £    ]  , }    m , `   ]   m  `  ]   m  ` 
{  vÅ}>v­>{zxz|q  ¼yozËQq({.}o'}q{~p1yoºS{qhÀ
 W*, , . 	
 	("
/,+ (  . (	 24 "!
Öq}%yv  q@}{~}v|{Ähp%qvx±zxq¥°µv­y4P.¯½vxe}yo±chpF{h(mov|oqÀxÄqIqp%zx.Hµ  v|{.}q
w}qpi¾owq  ¯vx}m%vxpFQqz|zxqb}{.}vx¢³{~y  {.wv­Ê¯vx}mF{~¢yoz­{~,°qzxwvx}>À,l?mq¢h.°qv|o¢>q¹hyc{.}v|c
{q5¢v|°q±µ
j#u=sRs$n X  Z
  
[  vx° j 6 n?]U§b ¼h·}v|·yy?¹QÀ_Tg 6 i 6 m 6 i¤mj=p	_ ) £  vx° 6 nTio  6 ]  j   ni¤qb PpFq·}¹µÀ vx° j 6 niNp  v|° 6 _  v|° j  ¢h{   n _! ]d§b oq¢h¥¹QÀ
pl]pjCb  nb t·}({.}q/¹QÀ
¯mqq 6 v|}moq5qz­{.}v|°q³°qzxwvx}F~ºÁ}moq+Pyov  ¯vx}mIqQq¿}
}%~}{~}v|o¢·h  vx{~}q5w}qp'®   qvx}® pqyoq®  ] G#" 1v|·}qv|%qoq¢hHcq%yovÅ}°hz|yopFq®
G$"}{·}º»Fv  q{z?¢h{®  }qp%Qq({.}yoq® mq{.}!  yc¿}µq&%vxq·}®  ] ) '  µ{~pFv­{~zË°µv­hvÅ}¥}{·} #  ( 6 v|z|v|
 ¼º»hq b*) ]+ ' i  j   nb qµ}qvxh?{  q·}vxº»yo¢h{zkº»(q?cqyoovx}>pF{h # {~ -, }q}q® !  v|v|{.}vx°hqº»y¿}vxh'{q5¢v|°q±µ
j#u=s -n , %$ ] j_9p@i    v|° 6 n " '$ io  %$ j 6 nb  %$ j 6 n?] s jm  6 $ i¤m $ 6  nu
j#u=s/n ! ]r.  '$ j 6 n  %$ j 6 n i   j  v|° 6 n w u
tµhpFq}v|p%qh®ov|}q{  º,qoq¢q¹hyc{.}v|® hoqqpFoz|v|q?q·}h·q¹·y{.}vxh
j#u=s¢n
|  ] s/  j  0 g  i!1
0
nu
¯mqq | ]  3254 j 76698 2 12pn v­?q·}µ¥{~  / ] " %$ 6  6 $ uÂ
Iz|qpFp{vxoq}v­{}qp>{~  ¼v|z|v|
·º»(qq{  Z
j#u=s -n X Z
 
[ 6 $ m $ 6  ] 6  m  6  i 6 £ 9: *) i    	  6  6 £i     6  6   6 $ m $ 6 £+] 6  m  6 £i 6 £ 9: ) i  $ 6  6  b
j  6 n  ]  "      j    6 £~_  £ 6   n # j  6 n £X]   $   6  u
¯mqq5¯
qyq  zxqpFpF{5{   £  ]   $ Àl?mq'¯¼qh±w}{vx¼Ð  ^©<; l?mq!²Ê{´°µvxq¶t·}¸qq¹·y{.}vxhVSoÀ|FW¼yo  q³t·¶×µ  v|{.}q5w}qp1{~±cq/q{  q 
j#u=s+( } n
_  " , m  m , i  5 : *+) 5 io jR   _ j¡  i1N  ntn =: ,)
i  " , jtjB ,     _  ,    nm  6   i¤ 	  m , 6 £$ni " , j   m  	 , i  w j"    	  , _ 	     , ntn 6 £
ihj  )£    jts~_ ¢F  irj¢- w i¤R n  w _ ¢-N  £nTi  " , m   ,   i  w " , j     , _      , ntn 6   
i> 6  m  6  i 6 £ 9: *+) i    	  6  6 £ i*    6  6   
i "  m  jvp!_ ) £ j  vx° i =: +) i 6  m   +i 6 £     \  ^  ) ntnTi¤.& "      j    6 £ _  £ 6   n ]?)  #
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
juvs(F¡n
_  " , m  m , 6 £i  5 : )5 io j  _  n 9: ) _  $jB 	   m  6   i " ,   , m   6 £n
i " , j m   ,   i j   ,   _      , ntn 6   io  w j _¦_ RN  i1 w  w n 6 £ ) j=p!_ ) £ j  v|° 6 i =: +) i 6  m   +i 6 £   ] ^ ) ntni> 6  m  6 £i 6 £ 9: ) i  6  6  ioi.& "      j    6 £_  £ 6   nnio  $   6  ]()4£ #
juvs(Qn  v|° j 0 6 n]  v|° j 0 6 nTi [ 0 6 £[ i 0 6  m   +i 0 6 £ [  j  \ } n[ ]r§ #
¼cqov|o¢%qoq¢hq¹·y{.}vxh VýoÀ|   W¯
qq{zxzËz|qpFp{{ 
! ]r. j"  j 6 n   j 6 nTio  £  j 6 n  £  j 6 n i* £;£ j 6 n  £;£ j 6 ntn i   j  v|° 6 nDwFb
  ] s j "$   m  6   i "F   m  6   nH_ Fw8  6 £ i s j "F      i "$     & n 6  u
 ÐµÔ ¨ Ð  	 l?moq>²Ê{´°µv|q¶×tµ}¸hqq¹·y{.}vxhVSÀx´RW{~  VSÀx   WtV  ]U§bt`)£]r§ W,{~%±cq?¯vÅ}}q{
juvs8/ } n _ jCg 6  i1 6  nTi 6  m  6  i }  m  jvp	_    v|° 6 n
_:. }      6    £ ]()  i j_ [ w 6 [C w iojN
  io¡
  n
[6  
[ nb
juvs8/¡n _ j [ w 6 £[C w io
[6 £[ ni [[ jvp	_    v|° 6 n
]^     6  io j 6  m  ¥io¡  m  6  nH_ ¡ $ 6  6  i ) £ b
juvs8/ Qn &% ' j 0 6 n i [ j 0 6 n £[ ]U§b
juvs8/  n j 6 m n | ] s/   j j g  i
[ w [ w _
[ 
[ ni!  nu
¯moqq
!  ]^ }    } ,      , i s  }
[ 6 
[
[ 6 
[C _   j 
&%(' j 6 n i [ j 6 nD£[C nu
IÐ ^©o¨ ; l?moqhqp m.¯>5}m{~}{lPc.¯7v­!{'yo°q&P.¯ÃÄ}moqF}¯
  v|p%qvxh{~zbp{~vÅº»hz  vxº
zx¥vxº
j } n
[ w 6 [C w ]U§#b
[ 6 
[C ]d§bKJ % ] sFb;b; #
{~  }movx  hp%Qq}>~º,qµ}qv|
º»hq )4£ v­?o}>vx  qQq  q·}>vÅ}>v­oqq{~@}¥{~}v­º»
jB¡n ) £ ] _:  $   6  _ j 6  m   io¡  m  6  nTi¡  6  6  u
Äq5mc{´°q5º»z|zx.¯v|o¢%zxqpFpF{qov|o¢@yoz|q~ºQq({.}hpFp@yw}{~}v|Z
Ð  [©
juvs?-n ~} j g `&i¤N`nH] g ~} ` # } jj`Hk m nB`n9]j` k m n } `	i   m  `   m   `  u
   	$
D$4J-,h +F-,	
)$/,	2   -,
  ¨ ÔÁÔi²>~}q
~} g `]    C}    } S m  m  m S `  uÄq/yq5}moq!v|qp{oÉyo°.{.}yq³}qh   S }¥(m{~o¢hqÊ}moq/  q
º}moq  qv|°.{.}v|°qZ
X  Z
  
[ m  m  m S `  ] m  m  m S `  i*   m S `  _  S m  ` ]¤m  jm S m  `  i   S `  ni*   m S `  _  S m  ` 
]¤m  m S m  `  im  j"   S nB`  i*   S m  `  i   m S `  _  S m  `  u
Â
¥°µv|}yoq~º
  ¡  ]r§#b b m   $ ] m  }  ]U§
{ 
j#u=s@ /n  $   S ]^¡    ¡ S _ ¡    ¡ S # ¡   ¡    $ ]U    
¯
q  qv|°q5}m{~}
   }    } S m  j  =S n?]¤m  j    }    } S } , jB¡   ¡ , S _ ¡ , ¡  S ntn
] m  j     ¡   ¡  _     ¡    ¡   n ] m  j    nu
    }    } S   =S ]U    b     }    } S    ]U  S  b
    }    } S  S ]     }    } S }  , jB¡ S ¡ ,  _ ¡ , ¡ S  n
]     j Q    _ ¡    n ]     }   , }   jt_~ } -, n9] _~    u
 Øhp½}mov­®ovÅ}º»hzxz|.¯>
}mc{.}
} g `Q]¤g ~} `&i  $ m  `  _  } `]¤g } `H_ ~} jN`nu
²Ê.¯W¯
q!cv  q
}moq/vxq}v­{}qp'À
~} j`

m  `n ]     }    m  j`  k m  `  n9] `      }    m  m  `  i     }    m  j`  n m  `  u
ÎÊooz|µvxo¢%}moq!v|qp{~o}q>{  VýoÀ|   W¿®w¯
q5mc{´°q
`
    #}    m  m  `  ]d`  m  m  j    C}    `  nTi`     }       `  ]U`  m  } ` b
{ 
`
    #}       `  ] `      }    }  ) j¡ )  ¡   _¡ )  ¡   nD`  `  ]  ! f jB¡  ¡   _ ¡    ¡   nD`  `  ]r§#u
l?mqqº»q®
~} j`

m  `n ]U`

m  } `&i     m   `  m  `  u
l?mq5µ~º,v|ÊpFoz|q}q  À
 ÐµÔ ¨ Ð  ; l?moq/²Ê{´°µv|q¶×t·}¸hq
q¹·y{~}v| VSÀx Wbh | {~±cq/q¯vÅ}}q{h
j#u §/n
X        Z
        
[
_ g ~} 6 iCj 6 k m n ~} 6 i   m  6   m   6  i   j 6 k m n 6  m  
i¤m   j   £ 6   n ] ~} j )^_ Dj 6 ntnb
 jt_  5 : ) 5 i¤R =: +) n9]j )4£_  g  i¢- £ _N _ /¡  6  6  n
_:  $  6  io j 6  m   io¡  m  6  nb
&%(' j  0 6 n9]d§b
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
l?moq/qoq¢q¹hyc{.}v| | q{  
_ Tj g  i
[ w [ w _ R
[ 
[~nTi Q "  6  m & ipj &% ' 6 i [6 £[¤n
_:.   j 6 n  $ j 6 n _ s  } 
[ 6 
[
[6 
[ i   j 
 % ' 6 i [ 6 £[ n w ]d§u
y>qq¯
qyq g 6 £+]r§ ÉtI.¯v|o¢@} 6 £X]d§ {~   {  Dj 6 n {~q  q¾q  ±µ
ju #sn 6  [  [\  ] [6 £[\ £  t
{~ 
ju FFn   j 6 n]_ [ w 6 [ w i¤#jN   i¤¡   n
[ 6  
[C u
qcq¿}v|°qzxhÀ
IÐ ^©o¨    q¾oq  ±µ&VýoÀæwWkm{z|q{pFq(m{ov­{~zp%q{~ov|o¢cÀ ¬ }v­{Êqz|{~}q  }mov­(¸·qÁ±Qq}¯
qq
}¯
F}q{pVýqqv|o¢@v|M   O.W×¯mov­(mv|>{~z|zxq  }moq/qz­{.}q  }mov­(¸·qq?º,}q{p)z|{´hq?v|'q¹·yoqzýÀ
  ¨ ÔÁÔ`ÉyzÅ}vxoz|µvx¢¥{~  hh}{h¿}q  v|  q
   #}    m 
±Q~}mÉv  q?~ºVSÀx W
{~  yv|o¢
    }    m  ] ~} b     }    } S m  m S j=p	_    v|° 6 n]d§#b
{~ 
   #}    m  jB } $  S 6 S  £ n9]U    }    }   S m  j  6 S  £ n ]U    S m  j  6 S  £ n ]_:¤m  j  6   £ n
¯
q5h±w}{vx
_ } jCg 6 i¤ 6 nti } jCj 6 k+m n 6 nio m  j 6   £ n ] } jBq{_ Dj 6 ntnu
Î>ozxµv|o¢z|qpFp{@rFz|q{  
}F}moq¾(}~ºVSÀ FW¿À
²>qµ}Ê¯¼q/.°hq³}moqq  ~º~VýoÀæ~FWÀ ¬ }Êv­¯
qz|z¸µo.¯}mc{.}>}moqhpFchoq·}>~º}moq@}q
}q
{~z|¢@ohp{zk}%}moq!}q{p1yoºS{hq | v|hch}vxh{~zc}pFq{yo°´{~}yoq  º | À ¬  | ¶ ¼µ  v|{.}qtµw}qpÌ¯¼q5¾  , £;£Fj 6 n9]_ #xb ¯mqq  v­>{%ohch}vxh{~z  v|°µv|®o{~ 
, ££ j 6 n]U  £;£ _ " £;£ jvp{_    v|° n ]^
[ `)£[ _ " ££ jvp!_    vx° 6 nu
l?moqqº»q

[ 6 £[ _ jvp{_    v|° 6 n9] _ #xuÄq!{q} [
[ jvp	_   
 vx° 6 n9]_  [ [ io [ w 6 £[ w u#³}moq/}moqm{~  VýqqRM $O.W
[ [ ]

g ¥i1¢F £ _u
¬ }?º»z|zx.¯>
}m{.}
[
[C j=p!_   
 v|° 6 n9]U. [ w 6 £[ w i 

g ¥i¢- £ _Nu
´   	$
D$4J-,h +F-,	
)$/,	2   -,
¼hp±ov|ov|o¢{~±Q.°q5qyzÅ}(®w¯
q  qvx°hq
 jt_
[ w 6 £[ w i¤R
[ 6 £[C¤n ]j) £ _  g ¥i1¢F £ _N _ /¡ $ 6  6  n
_:     6  io j 6  m  ¥i¤¡  m  6  nu
l?mv|?v­?}mq!q  ºVSÀ FWÀ
Î  v|o¢J}J}moq'}moqheºÊ}mq¾c}%h  qF{~}v­{~z  vxÆkqq·}v­{~z?q¹·y{~}v|®}moqqv|{[v|h}q¢h{z
ºS{h¿}  j \ n y(m}mc{.} 0 6  [  [\  ] [ j
0 6 £$n[\ £  t uÂ
Iyo±}vx}yo}v|o¢¥{~±Q.°q5vx·}NVSoÀ|~W®h}moq!h·}v|·yy?q¹hyc{.}v|'{±Qq/qwoqq  ±µ
m  j 
0 6  n ]r§  t u
l?mv|?z|q{  
}F}moq/z|{h}q¹hyc{.}v|~ºVSÀ FW¿À Î>ozxµv|o¢FzxqpFpF{FpFoz|q}qhyoo·ºÀ
  "@	, IE	!#BWC%E	!)u	, "%	,@ "EI-.!

¬ }mov|q}v|'¯
q5¯v|z|z  q¾q}moq!}q{p º»yo}v|QY Ét{~  qv|°q5}moq/q¹·y{.}vxh{.}v|¾q  ±µ{YÊÀ
 Øhp }moq}mov|  q¹·y{~}v|~ºVSoÀæ~-W¿®w¯
q/{~  q¾oq}mq!}q{~p º»yoc¿}v|É{h
º»z|zx.¯>
j¢u=sn
0  6  ]  - m &Y b m &Y ] 0  / 6  b
¯mqq  -v­?}mq  q}qp%v|{h}?}q? | ¯mov­(mv­  q¾oq  ±µVýoÀ r-W¿À
¬ '°µvxq¯WºVSrÀ| W¿®w¯
q/{q}?}m{.}
j¢u Fn ~} 6 ]¤m  j    C}    6  n ]_ m  j } S  m S4Y n?]_1 Y u
twyo±}vx}yw}vxo¢&V»rcÀxWË{~  V»rÀ WËvx·}>}moq¾}q¹hyc{.}v|/ºVSoÀæ~-Wkz|q{  Ë}³{~/q¹·y{~}v|º»h}q{~p`º»yo}v|Z
 g j" Y ni s 
$
m 	Y m  j Y ni  $ m  j s  m   Y n m
  j s  m &Y n
j¢u -n i 

  m &Y m  j s  m   Y n m
  Xio  $ m  j
 £ m 	Y n9] ~} jql_  nu
Øyo}moqpFq¯¼qpyc}ÊpFoyw}q  v|v|{~}v|°q5º»yo}v|'°µv|{F}q{~p)º»yo¿}vxhÁÀl  F}mov­?q{zxz
j¢u ¢/n m   S ] m {} S ]d§#b m   S ] m !}FS ]U§#b
{  ±·Iqz|qpFq·}{z{z|yoz­{.}v|®·vx}º»z|z|.¯>?vx'°µvxq¯WºVSrÀ| W}m{~}
j¢uFn   j 6 n?] s j } S m S 6  i } S m S 6  n9] s ' $   S m   j     m S@Y n #
j¢u (-n
  j 6 n   j 6 n9] }  }  )   j 6 n   ) j 6 n9] s    S , m   jtj  n  m S Y nm  jj   n  m , Y  nb
¯mqq
j¢u%/Rn ' $   S ] }     S i }     S #    S , ] }   } S , i   S    , u
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
¬ É{ o vÅ}vxhÁ® ±µ¥°µvx}yoq/ºVSrÀ| W¿®
j¢Cu ?/n  vx° 67   ] 0  w    $ m  Y m  u
l?moq  qvx}  º}moqhPyov  v­{º»yoc¿}v|J~º m YÍ¯mov­(mPv|  q¾oq  {.}q{h(mÉchvx·}±µ'}moq%qz|{~}v|º»Qqº»q}>¢h{hZ
j¢Cu  /n  S   _ -wli  ]§#b ]r¡  wm Y m Y ] } $ w m Y m #Y
¯moqq   qo~}q  1   b N] w jQ_dsn } w   w  b   b }   qo~}q}moq%}{¢{·}  qcvx}É{~  }({~¢c{~·}³cqq  ºyo  {.}}moq/qº»qqcq5chvx·}ÀV»rcÀ -W5v|%{º»y}m^  q~ºozxv|oq{!qz|z|vxw}v|Iq¹·y{~}v|H¯vÅ}m^qcq¿}!}Pyoo¸µo.¯ YÊÀxÄq¥m{´°hq}
v|p%Qhq±Qy  {~  vÅ}vxhÀ,tµyoc·q¼±chyo  {  ]  	    
~º | v|}ºw}moqq
hp%Qq·}¯moqq   v­}moqvxzxq}%{~  qwvx}@~ºÊ}moqlP.¯/®   v|·}q(q¿}vx¢P±cq}¯¼qq | {~  }moq¯
{zxz­®b{  
{
{~}vx¾cv|{zË±chyo  {hÀl?mq5±Qy  {~I  vx}{~}v|{q  qv|±cq  {
º»z|z|.¯>Z
j¢Cuvs §-n X  Z
  
[ Y   ] Y  b ;  S  ]r§#b M }  m 	Y     : ] 6    ] "  bY   2 ] Y   5 i b ;  S  2 ] +;  S  5 #
M } $ m hY     2 ] M } $ m &Y     5
¯moqq+ 
 ]  
    
 w b v­{@yoovx}>°q}h
pF{zQ}%}moq±Qyo  {~zxµv|o¢Fvx}mq}{~¢q·}?oz­{~oq~º | ® v­
}moq/p{P.¯/À
¬ ºHP.¯Dv­?}moqq  v|pFqv|{zk}moq
[ 6 
[ -]U§#b moqq Dj 6 n#-]r§#u
V»rcÀ ¡-W¼¯vxz|zhyooz|q¯vÅ}m'{Fhoq  v|p%qvxh{~zËq¹hyc{.}v|À
  (	 BD&>	"!&EI	
ÖÁq}  ] `  ` LQ w j 2 nb`    ] [ `[     ]d§#b`    2 ]d`    5 b [ `[     2 ] [ `[     5±Qq!{&yÊvxz|±Qq}Ê{hqhÀÖq}
j#uvs$n } j# Y b Y  n9]

  s u  g Y g Y  | b }  j  # Y b Y  n ]?    }  m  s  m &Y g Y  | u
j#u -n  j# Y b Y  n ]

    Y   m 	Y m  j
Y  ni
rm   j 
,
  m , Y nm  j
}   S
  m S Y n Y  i 

  m   rm  Y m  j
}   S
  m S Y n Y   /| b
j#u /n G j Y b Y  n9]U   £    S m   Y m S4Y  | b jqb Y  n9]j  nDw       }  :   m 	Y  u
²>}q5}mc{.} 
  s 
$
m  Y m  j Y n Y  /| ]     Y   m  Y m  j Y  n | u
r   	$
D$4J-,h +F-,	
)$/,	2   -,
¬  { o vx}v|® {hyopFq¥}m{.}@}moqqqwv­}F{NY  L  w j 2 n y(me}m{.}&Y  {.}v|¾q±chyo  {{Hh  {~}v|VSrÀ|-W¿À l?moq°.{~v|{~}v­{.}v|c{~zcº»pyoz­{.}vxhIº»h V»rÀ FW¼q{  
j u ¢/n XZ [ ¾c  Y L  y(m}m{~}} j# Y  i Y b Y  ni }  j  # Y  i Y b Y  ni  j  # Y  i Y b Y  ni G j Y  i Y b Y  n]qb Y   b J Y  L 
tµyoc·q³}mc{.}   ]   b % ]sRbbkk kvb  v­?{@wº»hpFv|o¢/¾vÅ}q5qzxqpFoq}y±c{q³¯mov­(mIv­  qqv|Àoz|q}Y  ] Y  i Q    L Y  i   Àl?moq¾ovx}q/qzxqpFq·}Ê{~o´wv|pF{~}v|¥v­¢hvx°hq±·
j uFn XZ [ ¾  Y  L   i Y   y(mI}m{.}} j   # Y  i Y  b Y  nTi }  j  # Y  i Y  b Y  ni  j  # Y  i Y  b Y  ni G j Y  i Y  b Y  n ] qb Y   b J Y  L 
¯mqq   ]Cj Y  i Y  n À l?moq!hqch  v|o¢F{~z|¢q±{v|³q¹·y{~}v|v|
j u%/Rn ' B  j G n G B _ )  j G n?]d§
¯mqq ' B  ] } j   # Y  i  B b   ni }  j   # Y  i  B b   nTi G j Y  i  B b   nb)  j G n?]  j   # Y  i Y  b   n _ojBqb   nu
Øz|zx.¯v|o¢Iz|qpFp{~qFmo.¯i}moq%qz­{.}v|cmov|P±Qq}¯
qq  qvx}  {~  P.¯P{h(mµyop±Qq Výqq@v|M|2O.WZ
 Ð  ^©
	 §  Ð ª Ô ,¨ Ð ¦¦»¤  Ð,ÔµÓ Ô  Ð ¨ ÈÐ ª§c©o¦ ]   ©,Õ  ¦©w§S¦ ýÑ
  ] 5	iUs jtsi l_ s  w n 1/j  w _os$nb _: ,,  ] 5	iUs jtsi l_ s  w n 1/j  w _os$nb
Ó  Ð ¨ Ð , ] $b {] S w ^ 5  5 Ð  ^©!  ©Õ ,W©w¨ Ð Õ Ð ¦ª¨ Ð ©¦"#$ ©,Õ%&,ª~¨ Ð ©o¦&'  Ô  Ô § Ô  Ð  	$,ª~§ Ô  Ó S§  ¨ Ð ¦( Ð ª§§ Ô  ¨ Ð ¦( Ð ª§() Ð  Ñ
j j   n _<j  w ntnj   _  w n+*o§#b j j   nH_ j  w ntnj   _  w n-, §#b J   -]   u
 Ð  ^©/.  Ð10 	©o¦ #& Ð ©w¨ ÈÔ ¨ } jk #kvbk n Õ Ð2  Ð Õ ¤ Ñ%3   	4¦©w§S¦ 2,Ð ¦
j u=s§/n } jCj Y n # Y b Y _  n _ } j j  n #  b Y _  n-5 6 Y _  6 w7

bKJ Y b  LQ w j 2 nb Y _  L  u
Ó  Ð ¨ Ð  S¦F©Äª Ô ª§©k§8#Õ Ð ' Ð Õ Ð k§ ÔY b  b  9@Ñ ¦ : S©w¨ ^©$ Ð ¨;&=<	> ÓÐ ª©?,¨ Ô ) Ð ]Ô   ÔµÓ &' Ð ¨´¨ Ô ¨ Ð ¦§" ^©w§ Ð «
 ÐµÔ ¨ Ð  P£I¦¦ 	  Ð §  ©o§ Y b Y  ©w¨ Ð §  Ð ¦ Ô  	§" Ô ,¦ Ô@3    A4 3   .A4Ê¨ Ð ¦( Ð ª§"&) Ð  Ñ CB 	¨´§  Ð ¨ Ò Ô ¨ Ð  2 '»§ Ð Ð  Ð  Ð k§Ä¦ 	¤,¦",©ª Ð   S¦Hª Ô  ÈÔ ¨:&'   Ð D ]Ô ¨ ¦ 	¤,¦ Ô 'Sª ÔµÓ  ÈÔ   ÔµÓ &'
Ð ¨´¨ Ô ¨ Ð ¦§" ^©w§ Ð  Ô SÕ,¦
6 Y _ Y  6 w(7

E j Q  i Q w  ws_  w n #  L   6 Y  i Y _  6 w7

b
F  !& "F$'&(	Ì *&+!!,(	,
9%Ð ÈÔ ¨ Ð ª Ô ,¦"ýÕ Ð ¨G&'Ä§  Ð ¦( &S§ Ô Õ'  Ð ,¦" Ô D ÓÐ  ÐµÐ Õ ÈÔ   ÔµÓ #$  Ð  ^© 3 ¦ ÐµÐ #H<	>I4 ¼Ð  ^©8J  Ð )o© 	 Ð¥Ô §  Ð ¦§¨ Ð ©   	$,ª~§ Ô e© Ô $'© Ñ ¦§¨ Ð ©  &# Ð ¨ Ð [©&,¦³ª Ô ,¦§©k§ ¼Ð  ^©LKNM	$$ Ô ¦ Ð §  ©w§   b  w ©w¨ Ð § ÓÔ ¦§¨ Ð ©  &# Ð ¦ Ô W§  Ð ¦§¨ Ð ©u¦ 	¨  ©oª Ð |    ÐÕ'PO Ð ¨ Ð ,ª Ð ¤ Ð § ÓÐµÐ Q)o© 	 Ð ¦ Ô §  Ð ¦§¨ Ð ©  	',ª~§" Ô  Ô    ©Õ  w S¦ ÐR0 	,©5§ Ô §  Ð ^©o¦¦ÔµÓ §  ¨ Ô 	$  §  Ð ¦§¨ Ð ©  S© ÑcÐ ¨ Ó S§  §  SªS Ð ¦¦  ¤ Ð § ÓÐµÐ    ©,Õ  w £I¤ Ô ) Ð § ÓÔ  Ð  ^©o¦>¦  ÔµÓ §  ©w§  S¦©¨ Ð ý©w§"&) Ð §  ýª+S Ð ¦¦5¤ Ð § ÓÐµÐ H§ ÓÔ ¦§¨ Ð ©  ¦
	¨  ©oª Ð ¦ 
  Ð ¦",©ª Ð ¤ Ð § ÓÐµÐ  §  Ð § ÓÔ ¦
	¨  ©oª Ð ¦ Ó »§  §  ýªS Ð ¦¦ ¡ S¦%ª©   Ð Õ §  Ð ¦§¨ Ð © ý© ÑQÐ ¨ Ó  ýª 
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#"   
Ð ª  Ô ¦ Ð Õi¤ Ñ §  Ð 	$$ Ð ¨J©Õ  ÔµÓÐ ¨J¦§¨ Ð ©#¦
	¨  ©ª Ð ¦ |
 b
|
w
>§  Ð S©w§ Ð ¨.©5¤ S©oÕ Ð  ¦ Ó ©     
§  Ð ©w¨´§" 2 ªS©³¤ Ô 	$,Õ©o¨ Ñ 
 © Ô '[§  Ð ¦§¨ Ð © &# Ð 
©ÕÍ§  Ð #  Ð §©Õ Ð »§¤ Ô 	$,Õ,©w¨ Ñ  ©,Õ < 
 Ð ÈÔ   ÔµÓ #$   Ð ,¦" Ô  MS#»§ Ð §  Ô Õ
ý¦¨ Ô  Ô ¦ Ð ÕD©oªhª Ô ¨.Õ$#$ § Ô §  Ð ©w¤ Ô ) Ð Õ$ý¦ Ò
ª	,¦¦" Ô  	4    ©w¨´§"S§" Ô  Ô §  Ð  Ô [©& 2 
£ ©w¨´§"»§ Ô  Ô §  Ð Õ Ô ^©& 2 S¦É©o¦¦ 	  Ð Õi§ Ô ¤ Ð2 ]
	  2   Ó  Ð ¨ Ð §  Ð ¦ 	¤¼Õ Ô ^©#2  ý¦I©^¦§¨ Ð © S© ÑcÐ ¨É©,ÕHS§¦	 ' Ð ¨É©Õ  ÔµÓÐ ¨'¤ Ô 	$,Õ,©w¨ Ñ ¦
	¨  ©ª Ð ¦Q|  ©,Õ|   ©w¨ Ð §  Ð Ð·Ô Õ Ð ¦SªP¦ 	 ' Ð ¨
©w¨.©  Ð 5¦§¨ Ð © ¦ 	¨  ©oª Ð ¦?§  Ð §  SªS Ð ¦¦  j \ n Ô §  Ð ¦§¨ Ð © S© ÑcÐ ¨ 2 S¦ ) Ð ¨ Ñ ¦
[©   |  ª© ¤ Ð ¨ Ð ¨ Ð ¦ Ð k§ Ð Õ  Ô ª©  Ñ ¤ Ñ ©ÄÕ$&O ÐµÔ  Ô ¨  S¦ 
)  `w A C E )  j C n9] |  4  £ u
,Õ ÐµÐ ÕD ÓÐ ©o¦¦ 	 Ð §  ©w§F§  Ð ¨ ÐPÐ ý¦§F©  © :  Ñ^Ô  [© ,¦ )	jtk=b  n ¦©w§"ý¦ ]Ñ #$
j#uvs$n )	jkvb  n9] | j  nb , %$ ; $ ]_~j  n ;  b Ô d| j  nb
Ó  Ð ¨ Ð , %$ S¦³§  Ð ¦§¨ Ð ¦¦³§ Ð ,¦ Ô ¨ Ô | j  n  j  n ý¦Ê§  Ð  Ð ©Äª	¨)o©w§
	¨ Ð¥Ô | j  n ©,Õ1|  ] | j   n ;A4  £I¦¦
	 Ð §  ©w§É© C& ÈÔ ¨^©o§" Ô  Ô |   ©w¨ Ð S ÔµÓ    Ð i§  Ð & ÈÔ ¨^©w§ Ô  Ô  | ©w¨ Ð Õ Ð § Ð ¨:& Ð Õ[¤ Ñ
© 4 '»§S©- 	 Ð ¦¦ Ô ) Ð  Ô ª »§ Ñ ` Ô U|   Ð § 	,¦F¨ Ð ªh©   Ð  ^© ;  ÓÐ ¨ Ð·Ó ¨S§ Ð:3   	R. 4´«
j#u -n [ w `

[ w _jB¡
 i1
 n
[ `

[ ]   j`ni   j`n  i1/j  w nu
 Ð ¨ Ð   j`n ]r§ ý¦  Ð ©Õ$#$J§ Ð ¨ & )S ÐhÓÔ+2 ¨´¦§© '¨ Ô  [©w§" Ô   ¦"#$ Ô Õ,Õ©  ÈÔ ¨ 	 ý©ÓÐ  ©) Ð
   j`n ]_4j¢F }
-,
io T¡ , nm  m , `  io }  jCm  ¡   _ m  N   nm  `  
ihj g ¡
  i¢- ¡
  _ (RN    nB`   _N`  m  `  _ `   `  m  ¡   _ j¢- } $ ioR T¡  n m  pu
Ð §   ] [ ` [ b '  ]^jB¡  i1  nb
§  Ð  3   ;A4/¨ Ð ©oÕ,¦
j#u /n  j [  [ _ '    n9]    j`n  u
 Ð ª Ô ¨´¨ Ð ¦" Ô Õ'&' Ð # Ð  )o© 	 Ð ,¨ Ô ¤  Ð  ý¦
j#u ¢n  f 	 _ '   ]^  jf 1X_  nD  _¡   ]U  TfC  _¡   ]r§#u
¿§!ý¦ ÓÐ   S ÔµÓ 1§  ©w§[§  ÐWÐ & Ð  )o© 	 Ð ¦ Ô L3   	 4Ä©w¨ Ð §  Ð ,¨#ªP© Ô ¨^©Fª 	¨)o©w§ 	¨ Ð ¦
 b
% ]sRb Ô |-   Ð 
Tf  ]   b % ] sRb;hj ]    w #9 ] s j   i  w ntnu
 Ð ¨ Ð ÈÔ ¨ Ð
j#u -n f  ]r¥i¤   ]U¢F io   w _ # f w ]^ i¤  w ]U¢F _   w _ 1u
£I¦¦ 	  Ð §  ©w§     ]j    b    w n ©o¨ Ð ª Ô ¨´¨ Ð ¦" Ô Õ'&' Ð & Ð  ) Ð ª~§ Ô ¨.¦   Ð H§  Ð  	$,Õ,© Ð k§©¦ Ô  	§ Ô [§ Ô §  Ð  Ô  Ô  Ð  ÐµÔ 	,¦ ÐR0 	©o§" Ô  3    4©w¨ Ð  &) Ð  ¤ Ñ
!+j  n9]
 jf   n    b  jBf w  n  w  jf   n   w b  jBf w  n  w w  u
 &   	$
D$4J-,h +F-,	
)$/,	2   -,
 ÉÐ ,ª Ð §  Ð  Ð  Ð ¨.©
¦ Ô  	§" Ô  Ô 3    4!ªh© ¤ ÐÉÐ ,¨ Ð ¦¦ Ð Õ ©o¦
j u (-n  ]j   b  w n  ] !+j  n !  j§-n  j§-ni  ) !+j  n !  j$n     j`nu
3   .A4F¦  ÔµÓ ¦I§  ©w§   *) ¦§¨ Ô '  Ñ Õ Ð  Ð Õ 	  Ô W§  Ð ©	,¦¦"ý©`©Õ  Ð ©Dª 	¨)o©w§ 	¨ Ð ¦ Ô §  Ð ¦§¨ Ð ©¦
	¨  ©ª Ð 
£8$  Ñ #$ 3    4©,Õ 3   . 4 Ó@Ð ª©  Ð §%§  Ð © '¨ Ô  [©w§ Ð ¦ Ô  	§ Ô ¦
j u%/Rn `     1 ] `     1 8 2 idj   j  ni   j§-ntn 1  b
j u ?-n  j  nH] !+j  n !+j§/n  j  j§-ni s   w&)     1 8 2 n ]j 	 ihjf   j§-nif w j§/ntn  n   j§-ni s   w )     1 8 2 Ó  Ð ¨ Ð'Ó@Ð 	¦ Ð Õ
!+j§-n  ]jtjf   j§-nTi¤f w j§-ntn !+j§/nu ÉÐ ¨ Ð^Ó@Ð  ÐµÐ ÕÃª©ýª	S©w§ Ð §  Ð Õ Ð ¨G&)o©w§"&) Ð ¦ Ô §  Ð ¨G#ªP©  Ô ¨^©ª 	¨)o©w§ 	¨ Ð ¦¤ Ñ 	,¦&'
ÈÔ   ÔµÓ #$ ÈÔ ¨ 	 ý© ÐÓ  ýª  Ó   ¼¤ Ð ¨ Ô ) Ð  Ð ý¦ Ð·Ó  Ð ¨ Ð «
j % n 1C] ) ]  g ¥idj¢F w _ R nD b
j % % n  5 
	 +) ]j ) n   g j w _  ni1¢jB w _  nj w _  n
_4j¢F w  m&  w i w  m&  w i¤R  mh  w _ ¢F  m&   m&  n 1jR w _  nBbj % % % n f   ]j ) n j¢-/_ j w _  nI 1 \  w _  nb fw ]j ) n $j¢F/-idj w _  nI 1 \  w _  nu¤ 4@©ýª	S©w§ Ð  j \ n Ô 1|  )SS© 3   ; 	 4  Ð § 	¦5ª Ô  Ð ¤,©oªJ§ Ô  Ð  ^©  Ð ¨ Ð·Ó ¨G»§ Ð ¦ Ð ª Ô ÕÐR0 	,©w§" Ô ?#  Ð  ^©	&k§ Ô ÈÔ   ÔµÓ &'
j u  -n [[ i¤R  ]  j 6 nb  »§  § ÓÔ  Ô &k§%¤ Ô 	$,Õ,©w¨ Ð )o© 	 ÐPÔ ¨; Ð ¨G Ô Õ'Sªª Ô Õ'»§ Ô 
Ó  Ð ¨ Ð  ] =: +) 
j u=s§/n  j 6 n]U j 6  m  ¥io¡  m  6  niUjq £ _ /¡ $ 6  6  _  g ¥i¢- £ _ RN nu
ªR4  Ð·Ô  Ð §¨Gýª  ÊÔ ¦»§" Ô  ©,Õ Ð §¨Gýª  Ð ¦ Ô ¨ Ô  |  £¦¦ 	  Ð §  ©o§ :   j \ n?]?)	j    ný¦F© ÐR0 	©w§ Ô  Õ Ð ¦ª~¨G»¤ &'1|   ,§  Ð :  j \ n?] :   j \ nTi  j \ n ;ý¦F© ÐR0 	©w§ Ô  Ô  |  £¦¦ 	  Ð §  ©o§ j c $b c w b c £ n S¦%§  Ð  Ð ¦ªh©w¨´§ Ð ¦ª ÔÔ ¨.Õ'&,©w§ Ð ©Õ:   j \ n9] c   j \ n % i c w  j \ n4i c £  j \ n  # :  j \ n9] c  j \ n % i c w j \ ni c £ j \ n  u
  Ð ¨ Ð ]Ô ¨ Ð
c
B j \ n9] c B  i  j \ n '
B
1 }
Ó  Ð ¨ Ð
'  ]
[ j c w  b c £  n[ j \  b \ w n b ' w+]
[ j c £  b c   n[ j \  b \ w n b ' £ ]
[ j c   b c w  n[ j \  b \ w n u
  Ð  Ð §¨GSª¥§ Ð ¦ Ô ¨S¦
}/ ]
B 
£B 

[c
B[\  [c
B[C\ 
; §  ÐPÔ §  Ð ¨  ©,Õ  ÔµÓ &'Ä§ Ô?3   	 4 ÓÐ ©o¦¦ Ð ¨´§
}     1 ] }     1 8 2 _  ¡  i  w Q  u£I¤ Ô ) Ð § Ó@Ô ]Ô ¨ 	S© Ð ©w¨ ÐPÐR0 P)o© Ð k§ 
 	

 !#"$&%')(*
 +( ,-$
./102$43)#56879$:';""<2(=?>@A6B%C
DEF2"HGI2J
#" 
  :<E'?,
!& 67@8$EI		!&eB¥8$& 
B S¦§ Ð ©  ÐÍÔ 1§  Ð  : Ð   Ð ¨.¦ Ô   	 	 ;7©,ÕÌ£   Ô  ©w¨ Ð ¨ Ô )SSÕ Ð Õ   	 Ð ¨GSª© 
¨ Ð ¦
	»§¦ Ó  Sª  2 §%§  ÐÐ  Ð ¨G  Ð k§@Õ,©w§© ) Ð ¨ Ñ Ó@Ð  ¼©o¨ Ð ¦  ÔµÓ  & B &Q¦  	©Õ ; 
 ª Ô Õ Ð ©  Ð S¦ Ô ¦§ Ð  ÔµÓ   ¦!ª Ô ,¨ Ð ¦¦ Ô ¨ @B #  P¦  ÔµÓ ¦!§  ©o§@§  Ð  	 Ð ¨ýª©¨ Ð ¦ 	 S§¦
Ô §  Ð ) Ð  Ô ª»§ Ñ Õ$ý¦§¨G»¤ 	§ Ô  / ý¦ 0 	'»§ Ð ª Ô ¦ Ð § Ô §  ÐÄÐ ©ª~§;)o© 	 Ð ¦©,ÕW¤ Ð §§ Ð ¨I§  ©W§  Ð
¨ Ð ¦
	»§¦ Ô ¤,§©# Ð ÕH¤ Ñ §  Ð2 '»§ Ð Õ'PO Ð ¨ Ð ª Ð  Ð §  Ô Õ  Ð ¦( Ð ªS©  Ñ ©w§/§  Ð  Ð ©oÕ'&' Ð Õ$ Ð ©,ÕH§  Ð
§¨.© &#$ Ð Õ$ Ð 
B    	 	 	 ; Ò ¤ S©oÕ Ð  ]r§#u%/   ? (#b _ c ]  #u%/ b ¦§©w§"ýª B    ; £    Ô   Ò ¤ý©oÕ Ð |¦§©w§"ýª,¨ Ð ¦¦
	¨ Ð Õ'S¦§¨G»¤ 	§" Ô  Ô ¤ S©Õ Ð  ©oª Ð ¦ ,¨ Ð ¦¦
	¨ Ð Õ'S¦§¨GS¤	§" Ô  Ô P¤ S©Õ Ð  ©oª Ð ¦
B    /©w¨Gý©w§" Ô  Ô §  Ð ¨ Ð S©w§ Ô  ) Ð  Ô ª»§ Ñ ©  Ô $Ä¤ S©oÕ Ð  ©oª Ð ¦
¡   	$
D$4J-,h +F-,	
)$/,	2   -,
B    	 2 $S§ Ð  Ð  Ð k§  Ð ¦  Ô ¦§¨ Ð © ¦
	¨  ©ª Ð B      ,¦  ¨ Ô 	,Õ Ð Õ1  Ð   Ð ¨ Ó »§  ¦( &' Ð ¨
  .01.-"24
<	> Ï ©»§©  `©Õ£8  S©'   	©'$  ©o§  Ð [©w§"ýª©D£¦( Ð ª§ Ô §  Ð MÁ§¨ Ð © Ò
B 	$,ª~§ Ô   0 	,©w§" Ô ,¦ Ô  Ô ,¨ Ð ¦¦»¤  Ð  	¨¤ Ô ^©ª  & Ð ¨ Ñ B  ÔµÓ ¦ ©,Õ
  Ð »¨ B #$S§ Ð   Ð  Ð k§ £8$,¨ Ô  ^©o§" Ô   ¦&' Ô § ^©   Ô k§¨ Ô  
 Ô   Ð §   £8$   Ð ª   ©Õ@'  	 	 3 	AK  4<	J  Ò 	 	
< ;> Ï ©»§©  ³©,ÕÍ£  ý©$   	,©'   Ð ,¦ Ô ¨É£8,© Ñ ¦S¦©,ÕQ¿§¦£;'#Sªh©w§" Ô ,¦    Ò
 Ð ¦ Ð Mª  Ð k§" 2 ª   ¨ Ð ¦¦ ;    3 &   & Ð ¦ Ð 4
< > Ï ©»§©  ©,ÕW£  S©$   	,©'    Ð É© )S Ð ¨ Ò MË§ Ô  Ð ¦ 0 	,©w§ Ô ¦  ,Õ Ð ¨/M Ð : Ò ÐµÔ Õ Ð ¦Sª  ÔÁÔ ¨.Õ'&,©w§ Ð M Ñ ¦§ Ð   Ô © $ Ð ©o¨
< 	 >       ý©w¨ Ð §   ©w§  Ð ^©w§Sªh© S©o¦§"ýª S§ Ñ   Ô   ~«   ÐµÔ ¨ Ñ Ô M  Ð  S¦  Ô ¨´§  Ò
 ÉÔ  ý©,Õ  ;   
<  > £  £      &D  Ð É©)S Ð ¨ Ò MÁ§ Ô  Ð ¦H©,Õ 	 Ð ¨ 0 	,©w§" Ô ,¦ Ô   Ó@ÔoÒ   Ð ¦ Ô © 
  Ô ¦ Ð Õ  ©$ ]Ô SÕ,¦  ©w§    M$M  MÁ¤ Ô ¨G$   Ô   .	 3 	
	 	 4G  Ô  ;S  A  Ò  AJ
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
